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Matrix metalloprateinase degradation of extracellular matrix:

biological consequences
Steven D Shapiro

Targeted mulagenesis has allowed inwastigatars to parfom
controlled espenments in mammals and determuna the.
caninbwtion of individual proteins te physielagic and

patholagic prac Recent | 1S leamed from maltnix
metaliaproteinase gene targeted mice and other i viva
cbsenvations have gwvan new life to old congepts ragarding the
role of prolealytic fragments of extracellular mairix proteinsin . .
regulating a vanety ot crical pracesses in coll Biology.

Aaqresses

Depanmonts of Padiainics. Meacine ang Cell Biokogy and Physiology.
Washingten Unrersity Schoal af Madicune at Bamea-Jawish Haspral,
(North Campus). 216 Soum Kingshighway, St Lous. MO 63110,
USA; cmajl: sshapiro@imgate.wustl.edu

Current Opinion in Cuil Bioiogy 1996, 10:602-6Q8
nup:/iBemednet com/elceref/0959067601000602

& Cunient Biology Lo ISSN 0955-0674

Abbreviations

aDAM  a gmintegrn and metalleprolemase damain
APC denpmaious polypesis coli

8poE  apehpoprotein €

ECM  cstecollular matrx

uc Lowis lung cell carginoma

MMP  malnz metaliaprteinaas

PGK phosphoglycerol kpass

TIMP  tissue inhibilor of meioprotenages
TNF Twmoy necross facior o

-PA nszue-type plasrunegen achvaters
u-PA rahi ~1ypo P Gan actvIors
Introduction

"Marrix metalloprotcinases (MMPs) comprise 2 family of
extravellular matrix degrading enzvmes (Table 1) chat
atc belicved o play pivocs roles in cmbryonic develop-
mene snd grawch as well o> in nssuc remodcling and
repair. Excessive af ipappropriate expression of MMPs
may coptribute to the pathpgeacsis of many nssuc-
destructive  proacesses. ancluding highly previlent
disesses such as anthnns, multiple sclerosis, and cooth
decay. as well as the leading csuses of death n devei-
opcd COUNInCs: €2raiovasculur Miscasc (athefusclTios)s
vlaque rupture and ancusysm foumation). tamar pIOgFes-
sion, and chionic abstructive pulmensry disease’. A
sgatcanent SLCh aa shis 13 wsually faund ar the beginaning
of MMP-relatcd papess (and of course grant applica-
tions — sunpiv insert Jisesse of jnteresc) written hy
those of us with 3 “'metalleccnaic” view of che world [1°].
But judgment dav is approaching. With the advene of
rargered murtagencsis, oae can perform controlled cxper-
iments in mammals (o tese these hyporhescs. Moreover
because Wese imporrant disecases cap porentially be
atributable wo the action of MMPs, cffective syntheuc
MMP inhibitais 3re being developed and are rapidly
appraaching chimea) trials [1°.2

Targeted mutagenesis of MMPs

Over the past gouple of years, many of the MMPs have
undergone geng-targetng cxpenments (Table 2) The
pawer of geac vargeting was best suminarized by Piagen.
who stated. “onc invariable lesson of baulagical rescarch
has been the difficulty, virtua) impoasibility, of reliably
predicting rhe prapemes of intact arganisme from the
propectics of their canstituent cssues, ¢clls sny mole-
cules. Thus, hypothescs aced to be canfinined i inract,
eamplex hiological organisms; not prokaryotcs or lawer
cukaryores, but mammals [3].” Qnec must. of course, rec-
ognize the limitacions of thesc cxperiments. Fuss, loss of
3 pratein from the blastacyst stage onward mighe alter
comples biolugical pruceisesy, lending o what 1s cem-
manly referred to 3s compensation. Sccond, becjuse of
gene redundangy, mutauen of 1 gene may not unmask
the truc biolugical funcrion of the protcin jr cacodes.
Third, micc are not humans; henee, direct wansiarjaon of
cesules o humaa biology requires knowledge of biologi-
cal similanitics and  diuffesences  betweoen  thesc
spesies [4).

When interpreting data from gene-taggering cxpefi-
ments opc must alsc be aware of porenusl stran
differcnces and. che possibilivy of “naighborhood knock-
out’ cffecrs. This term rcfers o inhuhited expression of
zenes physicslly linked tQ the target gene. and s proba-
bly relaied o the rerenmion aof the phespheglycerol

kinase (PCK) promoter used w diive seleceable markers

[3] This is & perrinent concefn beCause several MNP
gsencs  (collaganases, stromelysing, matnilysin, and
macrophage elastase) are ¢losely inked an human ehio-
mosamrs 11q22 and mousc chramaiome 9. With thesc
cavears i mind, what have MMP-murtsnt mice ald us
sbout the biological consequences of MM[P-incdistcd
extraestiular muatnx (ECM) dogradatien?

Physiaological processes

AIMPs, usuallv andetzerablz i cclls unde pormnal -
cumstances are pramunendy SXpressed Junng o vipsty of
biolugical praccsses. such as reproduction On the mater-
nal side, MMP axpression is associated with menatruasion,
ovulanon, utenipe ynplantagon, partuncion. and postpa:-
tum utcrine 3gd mammarv glang involution [6). IFram the
offspring’s perspective, MM Py arc belicved o be requircd
for sruphoblyss implanranon. embryonic groweh, ang ussyc
morphagenesis. Yor, none af the individual MMP-murant
mice generated 1o dare have had an cmbryenic lethal phe-
nartypc. Mice deficient in gelaunase B (MMP.9v-)
demansaare mospk legic abnermalivies ar the site of
implantauon, bur these defects are not jechal. Al MMP-
deficient mice te date are capable of deliverng and
nurruring healthy pups.
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Matrix metallopreteinase supstrates™.

MMP Interstinal Basament Elastn Non-maira proteins
coligens membranc
Collaganases
MMP-1 N1 (7= 1), VI, X +/~FN, LN, EN, PG - L-ssiecun 3 8
MMP-B (=1>h; (7 Vi, X) +/— FN, LN, EN, PG - supstrale for collagenases
MMP-13 > 1 0L GL (2 VLX) +/- FN. LN EN, PG -
and welopupndase
Stromalysing .
MMP-3 - FN, LN, EN. PG, +/=PScai Vv -/~ EGF-like growtn 1acier ano
MMP-107 - Fr, LN, EN, PG ¥/~ PScal lv -/= plasminogan are
' swbsiwrales for spromelysiny
Soomelysin-like
MMP-7 - FN LN, EN, PG + Stromelysin-like anzymas are mast
MMP-12 - FN, LN, EN, PG, PS cal v - palent at converting plasiminogen
[0 8Ngmsiatin ane Aegrading a, AT

Gelatinases
MMP-2 GL. LV, X X) col IV/V_FN, LN, EN. PG, PS ++
MMP-9 GL cal IV, FN, LN, EN, PG, PS e
Furinrecagnrion sites

MMP-11* - - -

Mombrane fype )

MMP145 =100 FN, LN, EN, PG

MMP-1S FN, LN, EN, PG
" MMP-18 : ?

MMP-17 I
ﬂM[ dasaibed
Enamolsm GL (amekaganin) - 7 ?

“Note s st B inherently incomplole. reps wng only sel a
supsirates testod To date. These substales guide potenus) biological
funcriona, but the acwal in virp suBsYates aro unknawn. T™MMP-10 has
tha came subsirale specriciies as MMPS but 12 1885 potant "Meman

Post-natal development

The major Jelecr in NIMP-9--.deficicnt muce 15 delayed
long baae granch and development [7°]. Lonz bones
devclop from mescnchymal condensatians whete caru-
lage cells differentiate and dcposit 3 camilage marrix.
Blood vessels savade and degrade the cvartilage macrix,
and carulage cells undergo upoprosis followed by prolis-
cration af asteohlasts aad cadechondral ossification,
which canveres the tssue into maryre bone [n MMP-o-+
mice, there 15 delaycd vascular avasion ot sksistl
growch plates, resultng if an oxXvesspvoly wide 7onc of
Wypertrophic caitilage and delsyed wssification MMP-Y s
required fo ipuare primary anglogencsis in chc cartlage
geawth plarc. prabably chrough generation of an angjo-
genic signsl (or perhaps degradauon of an angiogenesis
whibirar). Interesungly, the mechanism of this pheno-
type may pot involve degradaron of 3 strucrural or
adhesive matrix protcin.

While this phenorype is marked during growth, if onc
were mercly tq study adules only 3 10% sh crtening in the
leng b nes would be appreciated. This is nor meane o
diminish the importance of this finding buc, rather, 1o
ewnphasizes that unn) carcful analyses nf all MMP-Amicc

unZymu not catalylically ective 1o hnown ECM companents, 9Sclupie
recombinang pralein was rested. @y AT, oy anutypain, EN, entacin:
FN. fibronseun. GL. gelatin; coliVIV, types [v anc v colisgen). =N,
srmin; PG, proteagiyean. PS eol IV. pepsnized Type IV oollagen.

are performed conclusions regarding the fule of individ-
us}l MMPs in grawth and dcvelapimenac 3re premarture.
The overall minimal phenotypes abserved (o date may be
duc w redundancy, ssfeguarding the hast fram unroward
consequences of individual MMP muratigns. Ceneration
of dounbly 3ad reultiply MMP dcficient mice msy be
required ro unmak full MMP funcrion. Altesnacively,
MMPs may not be anccded for grossly normal devclop-
mong and growth i the Moase.

NMP-9 was demonstiaced 16 rhe meseachvine of cinbov-
an,c Kidncys, aad branching murphogenssis of wicteric
buds was specifically blocked in imcetanepliric organ cul-
rurc by anriscra to MMP-9 put not by I2G ancibedics o
MMIP-2 [8]. No ahnermalitics were fuund upon analyais
of nconaral and adule MMP.9°~ mice by light
microscopy or immuneoflyercscenes far basemear mem-
brane proteias, hawever, and rchal funcuen ia aduls
mice was pormal [9). It is not cjear wherher the discrep-
ancicy beoweoen dhese studies resulc fram diffepences in
study design, ¥1 vive versus g 238 seudies, or whether
antihody experimcnts overestimate the consequences of
gene inagrivadion while pgenc knackouc experiments
underesumate them.
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&0s  Cell-tacell contact and extracanub—
Tabje 2 i
Pnenctypes of MMP-deficient ang relatea null mutani myce.
Mo Result Reference
MMP- acficiont
Golaunase A (IMMP-2) Unaltercd secrevon ot Bamyloid procursar prolein [a8]
Reduceq angiagencsia and fumar prograeson [2y)
Syomelysin-1 (MMP-3) Na offact on callagen-induced arthnis (50}
Mamlysin (MMP7} Decreased nlestmal tumorigenes:s [227]
Gelaunase B (MMP-S) impaed pnmary angiagences:s i bons growth plates 177
Resistant to bullous pernphgoid [41]
Swremeiyen S (MMP-11) Dacressad chemicgl-induend mutaganeac (237
Macrophage elastase Impaired macrophage protealysis [v4]
MMP-12) Impased macrophagc recrutment and promcnon from Cigautre-amekenducud amphysema [a77)
Related null mutants
TiMP Loss of TIMP-1 i transfarmed ccli nes can either patentiate or syppruas fraquency of tumor inason [26])
Paint mutation Marked durmal fibross [s1}
{cleavage aite in IMpared PasT Panum wisrina imolution .
Iype | collagen) MMP- 13 Neslopaptds flcuvage accaunts for dona resorpuon dunng ambryonic and cary adul} ke
wPA Unable In actiate proMMPs (137

On ApoE— hackground. prorccicst from atherescleralc macrophage inhitralion and microancurysm farmaklon
P! g

Patholegical processes

Cardiovascular disease

Actheroscierasis is a chfonic inflammatery process whercby
plaques ste farmed in the inrimal layer of thc vessci wall as
a resulr of accumulation of ECM, smooth mnusclc vclls, and
lipid-laden macrophsges. In humans, coronasy arery
plsques may become wnspable and rupture, tnggering
inuavascular thrombosis leading to myocardial infarction.
The stherasclerotic vessel wall may alse dilate a5 1 resule
of destruction of the medist clastic laming, leading o
aneurysm formstion and ruprurc of the weskened vesset
wall Reeenily, plasminogen dcuvirorns and severs] MMPs
have peen detected in asseciatian wirll human acherosele-
rotic artenies [10] and abdominal aorrix apcurystns [11]

Mice with 3 targsced disvuprunn of the apolipeprorain £
{ApaE) genc have a delayed clearspee of lipoprateins fiom
the blood. When muce are fed 2 Westem dict sefum cho-
lestero] levels reach 14002000 mg/dl. and faay soesks
progressing o fibrous plaques develop at brapch puings of
major vessels, The formatian of thesc lesions is assasiarted
with mucrophise recruitnent causing disrupuon of the
medial elastic Jamina  wud pucroancurysm farmation
Complex lesious with plaque :uptufe and hemorrhuge
ngve vel o be obscrved for any mode} ot atheruscierosisn
the mouse (for 3 ravicw sce [12]).

To invesugate the wic of plasminegen acuvarors (tssuc-
type plasminogen activators [-PAl and urckinase-type
plasminegen activatas [u-PA[), Carmeleit and collewgues
[]3'] crosxed ,APQE“' mice with u-PA~ or -PA+ micc.
ApaE~+ x u-PA~- mice, but not ApoE~+ or ApaE-- x t-
PA-- mice, were protected from macrophage-mediaced
desrrucuon of medial clastc Jaming and micoancunsm
formation. Macophages lined up alung <lastic lamuna bat
they did not penctrate or disrupt these MAAY sTuCwLres.
Becanse the ability of macroph ages o degrade and migrace

through clussin s mare Likely duc te macmpn_: < clususe
(MMP-12) [14] than o nan-clastolyi= plasmin, these find-
ings suggest chat plasgun may acavare MMP pro-encymes,
an old nypathesis wop previously demonsciaccd v civo.
Indecd, in the asbsence of u-PA, macrophages were unsble
to convert magrephags pro-MMPs (MMP-3, MMP-9,
MMP-12, and MMD-13) inte sheir acrive forms in s recan-
stiturca system |137).

In contrasg, in the human stromelysin-1 (MMP-3) promor-
er. a zeneuc polymorphism which causes dimiaished
stromclvsin-1 €xpression is sssocisted with enhanced pro-
gression of acherosclerosis [13). Together these and other
stmdies saggese chat MMPs initially mainuain putcney of
the atheroscisrone vascular laraen ar the ask of subsc-
\uent plaque rupture

Cancer
MMPs arc believed 1o promoté sumor peagression by 1min-
ating carcinogenesis, cnhancing tumer ngiwgcncosis,

‘disrupring lacal pasuc arcfutecture 1@ allow tumor sroweh,

and bresking down Dbasement membrane barners for
merstane spread 116,17]. While some MNIPs. such as
matnlysin (NAMP-7) collageasse-3 (MMNP-13), and ufen
gelaunase A (MMP-2), arc cxpressetl Py fomors ceils
themasclves, MMPs are predominantly produccd by sur-
rounding host sgromal aad inflaimmarory cells  response
w facrars released by tumors (17,18°] MMPs may thea
bind tq tumor cclls und sugiogenic cpdothelis) cells,
advancing cumar progressian. For cxample, M MP-2 binds
through its carboxy-terminal domain to avf3 inteprin on
mclinoma cells and angiozenic bload vessels. cnhancing
sumor growch [19]. Autalynic praceasing of MMP-2 wi
relcasc of the carboxy-rerminal d main camperes with ccit
surface binding of the enzyme, inhibiting angiazenesis and
tymor graweh {20°]. Cansistens with these fesules, MMP-
2+ host mive exhibic impaired primary fumor growth and
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devreased cxperimental mcrtgstases af B16-BL6 mclanoma
and Lewis lung cell carcinoma (LLC) cells (21}

Matrilysin (MMP-7) s cxpressed by tumor cells derived
from gastsaintesunal cpithelium, induding chase thacanse
spontancously in mice with the adcaomatous polypois
cali (APC) muldple :otesninal neoplasia muration AFOs4.
MMP-7- x ALC9 mice had delayed tunor development
[22*]. Similarly, suomelysin-3 detivent (MMP-11-+) mice
demonsimited impaired rumor formanon in responic (o
chermical mutagenesis 123°). These studics confirm 3 toje
tur NIMPs in cawcinogenesis Potenmally, cetopic expres-
sion of chesc prorcinascs (in combination with sasthcr
mugation) Mmay relcase cells from ECM-mediated cell eycle
armest. Alterpanively, pratcinascs may release growth or
angingenesis factors PrOmMOLIng tumorigenesis

While overexpression of nssuc inhibirors of memallopm-
winises (TIMP-), cicher in wansgenic mice of by genc
transfer. can decrcasc TMImAr PrOgressien in amimal models
[24,25), it has been Gifficult m demanstrace thar lack of
TIMP-] i tumor or host consiscently enhsnees tumer
growth |26]. Perhaps expression of TIMPs 2<% compen-
sate for Inss TIMP-1 expression in these modgls.

While MMPs commonly facilitate tumor progression, pro-
wcolytic cleavage producrs of MMPs wmay inhibie
angiogencsis, imidng tumor pragression. This was first
apparcar with the isolatian of sugiostatin from the wnnc of
mive with LLQ cells {27} Angiestatin, 3 plasminogen
cleavage praduct containing kringic domains 1-4. inhibics
endothclial cell prolifcration and is believed o be respon-
Ghle for mainraininyg LLC Jung metistases in 3 dermanc
sare [27).

Gencranon of angiostann i prynary LLC tuimots corrclag-
e with the presence of macraphages and inaciophage
clystase (MMP-12) [28]. The imporance of NMMP-1Z in
limiting lung mictyseasis growth in the LLC modcl has
been confirmed by use of mice rendered deficient in
macruphage clasase (MMP-12-) by gcic wigsung dr
Gnsclano and SD Shupire, unpublished dag). Preluninarsy
studies sugaest, however, that local expressian of MMIP-12
in macippkages surrounding the seccopdary lung mctas-
tiscs hnits zeowth, an part thraugh gencration of
angioszaun. This etect may also be related to MMP-2 pro-
cesving hy MMD-12 of ather mechanismo.

Ssveral ather MMPs are alae capablc of generating angio-
statin and other snaangiogenic fragments of plasminogen
{29,30). The hringle S Gomain bV irself appears 1o have the
greatest capacity o indibit endochelial cell proliferation
[31). Sepnc proteinascs. including plasmin, in assoeiacion
witls an cxtracellular reductase ther reduces dioulfide
bopds in plasmin. also tigger generarion of angi s@Un
{32°,33). In additian o anginstagn, other proteolytic frg-
menes. mgst promincently endestatin (2 20 kDa
carboxy-terminal fagment af cype X1l collagen), cffec-

ey =gy =
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tively inhibic tumer angiogencsis [34°]. In fact, reaement
of several fumars in micc with endosratin fesulted i pro-
longed tumor dotmancy (35°).

Thus. protcinasey may benefit ¢he host wr the wwmor
Jepending upon spaual capression, prateolytic capasity,
and pinding affinity (oc mauis and rtumar cells.
Nevertheless, hydsaxamates, which are MMP zinc<chelar-
ing agcmes, are effscave io inhibiting growrh of sevcral
primary rumars and metastascs in animal models [17)
inclading LLC [36]. The ability of these compounds tw
inhubir growth off Rcuplasms suggests thar wunars usc
MMPs mure cffacrively than the host; when all the MMPs
wre inhibited che host has the advanrage. MMP inhihition
cambincd with anpi-angiogenic agents, auch as angiosaun,
endostatin, or avf3 integaa, mighs prove optimal in clini-
cal treazment of pamicular cumors.

Pulmopary emphysema

A major componcnr of chrunis obsgrucdve pulimonary dis-
ease is desgruccon and enlargement of penpheral
airspaces of the lupg, Chronic cxpasurc o cigarctic smake
exposure ieads w inflamamarory ccll recruitment aasl acti-
vaton with rclcasc of clasesses, in expess of inhibitors.
ECM degradation coupled with abnormal repair resules o
lung destruction charsceeristic of emphysema. The sennc
proteipasc acurtophil clasmse is responsible for emphyse-
ma in paricots with 3 genetic deficiency of s inhibitor
@,-anticrypsin. a relacively uncommon form of the disci>c;
however, the contribution of neumuphil clascase o che
more common oempliysema associated with eigarcree
smoKing » conugversial. [t s pessible that other neu-
wophil pretcinasss or cneymnes from the more sbundant
macrophages coptabute ro lung damage wssoviated with
prolunged cigarerte smoking

Long-term exposvrc uf wild-rype (MMP-127/7) micc w
cigarecre smoke led o inflammatocy ecll recruirment fol-
lowed by alveolar spacc enjacZement sl the
pathologwe defece in humans. Alce detficent in
macraphage clastase (MMP-1277), however were pra-
tected from devclopment of cmphysems dcspitc heavy
long-teim cxposurc o smoKe. Surprisingly, MMP-127/-
mice also Falled to recruit manocyies snto thar lungs in
response 1o cigarecce smoake [377). Because MMP-12 and
most uther MMPs are only cxpicssced upon diffaicnaa-
uou of monocyics to Mmacruphagss, it appeured unhihely
thal menoryrcs (equire MMP-12 for transvascular mjgra-
uon. Mere likely, vigarerce smoke induces constitunve
macrophages, which asc preseng in lungs of MAMP-12%-
miex, (0 produce MMP-12 that in rurn clcaves clasun,
thereby gencrating fragments chemaracric far nwonocsytes
UJP Paige and SD Shapira, unpublished data). This posi-
tive fecdback loop would perpetuate mucrophage
sceymulstion 3ng jung dostruction. The concepe that
ptoteolytically gencratcd elastin fragmenis mediate
monocyte chemoeyxis was first shown morc than a
dceade age [38-40).
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1 ECM-mediated cell nugratian. (3) Keratingcyic
,  migmpan ayring nermal wound healing.
| Exposwre of kers y$a5 1Q iniersti
; QPN N V1@ Provisional matn leads 1o high
aftinity Dinging (armowsx) ot aZP1 mtegnn 10
caifagen. Thie ipada to axpression of MMP-1,
which degrades collagen and frees he csli 1o
migrale, pEMBaps ueing ahar mespiorns
lrrclag). a2f1 einding o collagen af the
mgranng frent 'pulls’ the cell fornearags leading
1o re-opitheliaizanon (adapled from [1°]).
(P) Epanclivm-denved turnor Celj imgration.
Tumor cells (ightly shaded) aaprass MMP-2
| {or \nduce sromal celis so praduse it), which
dugrades 1ne Basemen! membrane (wiggly
knes), exposging eryplic fragments of lamimin
and callagan which are snly capaseq wpan
dogradanon (dwmonds). These bina o coll
reCapiors hading to mgralon permsps
reigled 1 integnn-mediated signaing leading
1P cyleskaiatal changes cowsmg ccll
[ muvement. LnS, tuminin &,

Waung !
TwRRr :
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Bullous pemphigoiq

The autnimmuac subepidcrmal blistering  discasc
known 35 bullous pemphipoid is charscrenzed by depe-
sitinp of autountibodics ar the bascmcnr membrane
zons. In an experimentst model of this discase in mice,
the bhistering i> mediated by antibodies dirccted against
the hemidesmosomal proszin RP180 (collagen XVIL),
and depeads on complement activation and acuuropivl
wnfiltranon. In cuntrast o wild-type litrtermates, MVIP-
9-- mice werc icsistant to the blistenng effeves in this
modcl despire depasition of auroanubedies 2nd acu-
vouphil recruivment cquivalent to thar szen i wild-typc
mice {41]. Whether MMP-9 dizectly causes dlistering ar
aygments ncutrophil clastase sctviey by degiading Gg-
angivypsin is enrrenddy uaknown

Bioactivity of ECM fragments

Proteolycically generated ECN (8nd non-ECM) fragments
have long hecn thought o fegulatrc a diverse srmy of
prucesses in cell bialogy The impoitance of this mods or
iegulation has been 3 recusrent theme in the recent ia w1m
studies presented here, plasmin medisres MVIP acor anon,
plasminngen fragmeonts (angiostaan and other knnglc
domains) and collagen XVIL fragmenis (endostata) snhib-
it neovaseularizanion, while MMP-9 induces sngiogenesis,
clastin fagments may fogulare MONOCYIe Fecruikinent in
chrunic inflammation,

Overexpression of sgomelysin-l (MMP-3) in mammary
glands of mansgemic mice net anly confirmed the expected
~ 1ole of MMPs in mammary cland branching marphogenes:s,
put upcxpectedly demunsyated sn additional role in regu-
jating post-paruum mammary gland invaludon [42]. A series
of subseguent studics demonstraped thut cell conrace with
corzect Oxuc architcerure is ¢rucial for ccll hamcoswasis,

supprexsian of apoprosis, and msntenance of dilfercadared
puenotype (see N Boudreay and M] Bisscll, pp 630-646).

It was also recendy fecagnized dhac cleavage of the laminin-
5 2 chain by geladnase A (MMP-2) exposed a crypric sitc
within liminin. snducing rmigracion of malignane pbreasc
epithelial eclls [43°]. This soudy suggests diuc lowsl pro-
einase concentrsnon may derermine cell behawviar,
Protcolysis is required ro initiate and suseain migrasion. but
excessive proteqlysis may degrade magix signals and fecep-
vors, thereby disrupung cell matnx anteescrions  and
wnRibising migrarion [17]. With respeet o epithchal cell
mgraton o nepaal waund healing, Parks and co-workers
144°] hypothesized thar inreracrion of Reritinocyee 23t
inwegrin with native rype 1 collagen n a provisional wound
matrix iduccs collagenase-1 (MMP-1) expression. By cleav-
ing coilagen. the i3l high “affimity conracr 15 loascned,
releasing the cell, which then wigmees ta "grab' lugh aliniev
2B} inecgein baads wirth undigested collagea ahead in the
vpen wuund (Figure 1), Indeed, kemtinocytes can migiare
on uative collagen but not on a collagenasc-resisrant eollagen
matna 133°), Surnilusly, in Gbroblases, binding of libroaecun
fragmenzs (but not iweact fibsanecun) o @3B1 ntcgnn sig-
nals acuivator protcin-1 (AP-1)-mediated induction of
MMP-1 syuchesis [$6). Thus, ECM provides an imperrant
mechanism for oclls to communicate with thar cxemal
cpwirenment When cells arc ju conmet with cheic apprapi-
3te, intact ECM they are quicscent (or avlcast parfonm thare
nerma} funcuions) hawever, cell CORMCT with inappropriace,
altered, or distupred ECM scrs in morion 2 vanery of signal
transductiop pachways apd gene wranscripdon resulring in
many cochular responses with the gaal of tissue repir (477

In sddiuon 0 MMPs, closely telgted meralloprorcinases
termed ADAMs (o disintegrin and merlluproteinase
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domasjn) arc well pasitiuncad on she eell surface to felesse
o “shed’ 2 vafiety of imporwnt inflammacary. cell mediy-
toss (see RA Black ana JK White, pp 654—659). Earlier it
was discovered thar hydroxamic ucid MMDP whibitars pre-
veneed release of Jatenc tumor necrosis facror & (TNF)
fram menocyte surfaces, snd subscquently the gene
encoding the responsiblc prowinase, TACE (TNF conver-
rase), or ADAM-18, was cloned. Meulloprotcinases also
mediare shedding of L-selecrin, $1.-6, Fas. TNF recepror,
and a varicry of other TNF rcceptar superfamily mcinbers
Addiuonally. sigaificsac stares of matnx bound transfonn-
ing growth factor P may alse be prurcalytically relcased by
plasmin and pechaps MMPs [48].

Conclusijon and future prospects

Why arc there so mapy MMPs? Overlapping bur distince
substrare spexificities and ecll-specific cxpression suggest
porenrizlly unique funcrions, but clearly 3 variery of MMPs
are cxpreascd dunug develapmeng perhaps to compensscs
for potcacal less of an individual MMP. This diversicy
would explain why the phenorypes of MMP-muwne mice
have been so mild wath respecr to developmene and other
physioclogic processey, Altematively, MMPs may have a pri-
mary funcrion in repsir snd defense, and in marure tissues,
rather thap § requisite funcrion in morphogencsis. further
acvclopmenda] analyses and miec with multple MMP defi-
depcicy will help address thas issuc. In conmast, aberrapc or
excegsive cxpression of individugl MMPs casuses cercan
desuucgve diseases Consequently, it has been easier ©
show thur dcletion of speaific, abnormally cxpressed MMPs
prevents disease onset, Greatsr undersianding of similani-
tics berween humans snd mice Wil guide rationul mediesl
therapy in die future. Gene-rargeted mice will help inves-
tigators @issect molccular pathways and furcher define che
rolc of pratealyus ECM (and nen-ECM) cleavage pioducts
3s 1egularars of genc wranscription, sngiogenesis, cell mign-
tion, 1nflammatiun, and cell vycle contzal. indepepdent of
rranslauonal researeh aspects.
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